MICRON.110A M Q PATENT 

DIE ATC ACH MATERIAL FOR TBGA OR FLEXIBLE CIRCUITRY 

Background of the Invention 

Field of the Invention 

5 The present invention relates to integrated circuit packages, and more 

particularly, to a die attach material for a Tape Ball Grid Array (TBGA) or other 
flexible circuitry package. 
Description of the Related Art 

In the last few decades, the electronics industry has literally transformed the 

10 world. Electronic products are used by, or affect the daily lives of, a large segment of 
the world's population. For example, telephones, television, radios, Personal 
Computers (PCs), laptop PCs, palmtop PCs, PCs with built-in portable phones, cellular 
phones, wireless phones, pagers, modems and video camcorders, are just a few of the 
electronic products that have been developed in recent years and which have been made 

15 smaller and more compact, while providing more and/or enhanced functions than ever 

before. The integrated circuit (IC) chip, and the more efficient packaging of the IC 
chip, has played a key role in the success of these products. 

The IC chip is not an isolated island. It must communicate with other chips in a 
circuit through an Input/Output (I/O) system of interconnects. Moreover, the IC chip 

20 and its embedded circuitry are delicate, and must therefore be protected in a package 
that can both carry and protect it. As a result, the major functions of the IC package are: 
(1) to provide a path for the electrical current that powers the circuits on the chip; (2) to 
distribute the signals on to and off of the chip; (3) to remove the heat generated by the 
circuit; and (4) to support and protect the chip from hostile environments. 

25 As ICs become more complex, and printed circuit boards become more crowded, 

IC packages continually need more leads or pins while their footprints consume smaller 
and smaller areas. In an effort to meet these demands, developers created the ball grid 
array (BGA) package. 

A typical BGA package includes an IC affixed to a flexible polyimide tape. A 
30 very thin conductor or wire bond connects a pad on the IC to a conductive trace on the 
polyimide tape. The conductive trace is routed to a solder ball. The solder ball is one of 
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protrude from the bottom of the BGA package. These solder balls interconnect with an 
array of pads located on a substrate, such as a printed circuit board. Accordingly, the 
typical BGA package, electrically connects each pad on an IC to a pad on a printed 
circuit board. 

A variation of the BGA package that has been introduced recently is the Area 
Tape Automated Bonding (ATAB) Ball Grid Array (BGA) package, or more commonly 
referred to as simply the Tape Ball Grid Array (TBGA) package. The TBGA package 
advantageously provides high lead counts, as well as a thin, lightweight, high electrical 
and thermal performance, and a BGA surface mount. The conventional TBGA package 
consists of a tape sandwiched between a polyimide dielectric. At least one layer of the 
tape is formed into traces or conductors that interconnect a chip to a printed circuit 
board (PCB). See John H. Lau (Ed.), Ball Grid Array Technology, Chapter 14, "Area 
Tape Automated Bonding Ball Grid Array Technology" (McGraw-Hill, 1995), 
incorporated herein by reference. 

Provided between the chip and solder ball array in many IC packages such as the 
TBGA package described above is an elastomer compliant layer. Such a layer is found, 
for instance, in Tessera's Micro Ball Grid Array (jaBGA) package. See John H. Lau 
(Ed.), Ball Grid Array Technology, Chapter 1, "A Brief Introduction to Ball Grid Array 
Technologies" (McGraw-Hill, 1995), incorporated herein by reference. The elastomer 
layer is provided between the die and the solder balls to absorb pressure between the 
two, especially during mounting. The compliant die attach interface thus applies less 
stress to the solder balls to resist cracking. This compliant layer desirably has a super 
low modulus and large coefficient of thermal expansion (CTE). For instance, a 
compliant elastomer layer having a modulus of less than 10 ksi and a coefficient of 
thermal expansion (CTE) of greater than 200 ppm/°C has been used. Other compliant 
layers having a modulus in the range of 0.5 and 10 ksi and a CTE in the range of 200 to 
400 ppm/°C have also been used. 

One drawback of this design is that it induces a fatal failure mode. Because of 
the elastomer layer's high CTE and compliance, as compared to the die, during thermal 
exposure the elastomer expands and shrinks more rapidly than the die. This creates 
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stress on ti^^nductive leads connecting the sold^^JI array to the die, especially at 
the pads connecting the die to the leads, and causes breakage of the leads from the die. 
This failure mode is known as the heel break. The loss of electrical connection between 
the IC pads and the conductive traces results in lower yield rates and increases the 
5 overall cost of package manufacture. 

Summary of the Invention 
One aspect of the present invention is directed to minimizing or eliminating the 
heel break problem that occurs in integrated circuit packages. An attachment material is 
provided between the die and the solder balls of the integrated circuit package that is 

10 sufficiently compliant to absorb pressure between the two, so as not to apply stress to 

the solder balls. The attachment material is also sufficiently rigid, with a low 
coefficient of thermal expansion (CTE), so that the material does not excessively 
expand and contract during thermal cycling relative to the die. More preferably, the 
attachment material has a CTE close to that of the die to prevent breakage of the tape at 

1 5 the junction between the tape and the die. 

In one embodiment of the present invention, an adhesive layer is provided for 
use in an integrated circuit package for attaching a die to a solder ball array. The 
adhesive layer has a modulus of elasticity less than about 126 ksi at room temperature, 
and a coefficient of thermal expansion (CTE) of less than about 200 ppm/°C. 

20 In another embodiment of the present invention, an integrated circuit package is 

provided, comprising a die, a die attach layer over the die, and an array of solder balls 
over the die attach layer. The die attach layer has a coefficient of thermal expansion of 
less than about 106 ppm/°C. The die attach layer in another embodiment also has a 
modulus of elasticity of less than about 126 ksi. 

25 In another embodiment of the present invention, a first level integrated circuit 

package comprises a chip, an array of solder balls for connecting the first level package 
to a second level package, an adhesive layer between the chip and the array of solder 
balls, and a flexible tape connecting the array to the chip. The adhesive layer has a 
coefficient of thermal expansion of less than about 200 ppm/°C, more preferably less 

30 than about 150 ppm/°C, and even more preferably less than about 100 ppm/°C. In 
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In another embodiment of the present invention, a method of preventing 
breakage of a flexible tape bonded to a chip and connected to an array of solder balls is 
provided. The method comprises providing a compliant material between the chip and 
array of solder balls, the material having a coefficient of thermal expansion of less than 
about 106 ppm/°C and a modulus of elasticity of less than about 126 ksi. 

In another embodiment of the present invention, an integrated circuit package is 
provided comprising a substrate, more preferably a flexible substrate such as polyimide, 
and a chip. A plurality of conductive terminals such as an array of solder balls is 
provided on the substrate. A plurality of conductive leads electrically connects the 
conductive terminals to the chip. A compliant material between the chip and the 
substrate absorbs stress therebetween. The compliant material has a modulus of 
elasticity of less than about 126 ksi at room temperature and a coefficient of thermal 
expansion of less than about 200 ppm/°C. 



FIGURE 1 A shows a bottom view of a face-down, fan-in package employing 
an expansion lead, according to one embodiment of the present invention. 

FIGURE IB shows a fragmentary cross-sectional view of a face-down, fan-in 
package employing an expansion lead, according to one embodiment of the present 
invention. 

FIGURE 1C shows a fragmentary cross-sectional view of a face-down, fan-in 
package employing an expansion lead having the leads on the second surface of the 
substrate, according to one embodiment of the present invention. 

FIGURE ID shows a fragmentary cross-sectional view of a face-down, fan-in 
package employing an expansion lead wherein a compliant layer is disposed between 
the face surface of the chip and the first surface of the substrate, according to one 
embodiment of the present invention. 

FIGURE 2 is a perspective view of a jaBGA package. 

FIGURE 3 is a cross-sectional view of an adhesive layer joining a die to an 
array of solder balls according to one preferred embodiment of the present invention. 



Brief Description of the Drawings 
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attached to a 



second level package. 

FIGURE 5 is a cross-sectional view of the first level package of FIGURE 4, 
shown without the first level package case. 



The embodiments described herein particularly relate to a die attach material 
provided between a die and a solder ball array for a \xBGA package. However, it will be 
appreciated that the principles of the present invention pertain not only to jiBGA 
technology, but also to other BGA, TBGA or flexible circuitry and other integrated 
circuit packaging where wire bonds or TAB bonds are used. 

As described in greater detail below, the preferred die attach material has a low 
coefficient of thermal expansion to more closely resemble the coefficient of thermal 
expansion of the die. This prevents the material from excessively expanding and 
contracting during thermal cycling relative to the die, thereby reducing the amount of 
stress placed on the leads connecting the solder ball array to the die. The die attach 
material is also preferably sufficiently rigid to further resist excessive movement 
relative to the die and the solder ball array, while having a low modulus of elasticity in 
order to absorb pressure between the die and the solder ball array. 

FIGURES 1 A and IB show a face view and a fragmentary cross-sectional view, 
respectively, of a chip 10 having a plurality of chip contacts 20 on a contact bearing 
surface. A sheet- like dielectric chip carrier substrate 30 overlies and is typically 
centrally located on the contact bearing surface of the chip 10 so that the chip contacts 
20 are exposed. The substrate 30 may merely overlie the contact bearing surface of the 
chip 10; however, typically, the substrate is adhesively attached to the chip surface 
using a thin layer of adhesive material 80, as shown in FIGURE IB. 

The substrate 30 may be comprised of a rigid or flexible material. Preferably, 
the substrate is comprised of a sheet of polyimide having a thickness approximately 
between 25 and 100 microns. The first surface of the substrate 30 has a plurality of 
conductive terminals 40 thereon. Each of the terminals 40 is electrically connected to a 
chip contact 20 through conductive leads 50 extending along the opposite side of the 
substrate and connected to the leads 50 through conductive vias 70. Alternately, the 
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Detailed Description of the Preferred Embodiments 



substrate c^^simply be removed so that solder b^^lninals could be placed directly 
onto the ends of the leads 50 without the need of the conductive vias 70. 

Each lead 50 has an expansion section 55 extending from an edge of the 
substrate 30. The expansion sections are each bonded to a chip contact 20, typically 
5 using conventional ultrasonic or thermosonic bonding apparatus. Each expansion 

section 55 is laterally curved substantially parallel to the plane of the substrate 30 prior 
to the bonding operation. Preferably, the expansion sections 55 laterally curve at least 
twice in opposite directions (substantially "s" shaped) and may be curved more than 
twice. The leads 50 may further be detachably connected to a supporting structure prior 

10 to bonding as disclosed in U.S. Patent. Nos. 5,489,749 and 5,536,909 which are hereby 

incorporated by reference in their entirety. 

Typically, the expansion sections 55 of the leads are encapsulated by a suitable 
encapsulant, such as silicone or epoxy, to protect them from contamination and damage. 
During operation of the packaged chip, the terminals are attached to a printed circuit 

15 board and the laterally curved shape of the expansion sections 55 of the leads 50 helps 
to compensate for the expansion and contraction of the chip during thermal cycling by 
having the ability to independently flex and bend. The aforementioned encapsulant 60 
supports the expansion sections 55 of the leads 50 as they flex and bend and further 
helps to spread the forces acting on the leads. Further, a solder mask or coverlay may 

20 be placed over the exposed surface of the substrate 30 after the bonding and 
encapsulation steps such that only the terminals are exposed. 



FK^JRE 1C shows a fragmentary cross-sectional view of an alternate 
embodiment in whkttttie leads 50' are located on the same side as the terminals 40; 
thus, not requiring the o5hd^ive vias 70 (shown in FIGURE IB). A solder 

25 mask/coverlay is also used in the emfebdi^ent shown in FIGURE 1C because the leads 

50 and the terminals 40 are on the samesWs^of the substrate 30. The solder 
mask/coverlay provides a dielectric coating ensuring tlS&tsthe solder connecting the 
terminals to contacts on the printed circuit board does not wick do^festke leads or short 

to other soldered terminals. 



30 FIGURE ID shows a fragmentary cross-sectional view of an alternate 

embodiment in which the thin layer of adhesive from FIGURE IB has been replaced 
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mismatch, as disclosed in U.S. Patent Nos. 5,148,265 and 5,148,266 which are hereby 
incorporated by reference in their entirety. The compliant material 80' is typically 
about 50 to 200 microns thick and is comprised of either a thermoset or a thermoplastic 
material. The structure shown in FIGURE ID also allows the expansion sections 55 of 
the leads 50 to be shaped by the bonding operation so that they are curved in a direction 
perpendicular to the lateral curve of the leads 50. As stated above, these laterally and 
vertically curved leads are typically supported by the encapsulant 60 so as to spread the 
forces acting upon them during thermal cycling of the operational package. Further 
details regarding these and other embodiments are disclosed in U.S. Patent No. 
5,821,608, the entirety of which is hereby incorporated by reference. 

FIGURE 2 illustrates one embodiment of the present invention in which a first 
level package 8 is provided, wherein like components are numbered in accordance with 
FIGURES 1A-1D above. In the IC packaging industry, it is common to refer to the 
placement of the IC chip within a suitable package as "1st level" packaging. The 
placement or mounting of the IC package on a suitable printed circuit board (PCB) or 
other substrate, is referred to as "2nd level" packaging. The interconnection of the 
various PCBs or other carriers within an electronic system, e.g., through use of a 
motherboard, is referred to as "3rd level" packaging. 

The package 8 is preferably a ball grid array (BGA) package having a plurality 
of solder balls 40 that interconnects the package to a printed circuit board (see 
FIGURES 4 and 5). More preferably, the BGA package 8 is a TBGA package, and is 
even more preferably a jiBGA package. As shown in FIGURE 2, in this package 8, a 
die or chip 10 is prepared for bonding with a second level package. As shown in 
FIGURE 4, the integrated circuit die 10 of the BGA package is mounted to a printed 
circuit board 82 through solder pads 88 and enclosed by a rigid housing or lid 84, 
typically constructed from a molded plastic material, and encapsulant 60. FIGURE 5 
illustrates an alternative embodiment of the jiBGA package without a package case 84. 

The die 10 will be understood by one of ordinary skill in the art to be any 
integrated circuit. For example, the die 10 can be from a wide range of integrated 
circuit products, such as: microprocessors, co-processors, digital signal processors, 
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graphics i^^sors, microcontrollers, memory 
programmable logic devices, and logic arrays. 




es, reprogrammable devices, 



10 






Aaiqattach material 80 is provided over the die 10, and a solder ball array 40 is 
provided over tnS^djg attach material that serves to make the connection to the next- 
level package. The soldfei^balls 40 are preferably relatively flexible and can thus 
compensate for any lack of ftetqgss in the printed circuit board or package. 
Additionally, the solder balls are assembl&kin an array, and thus provide a relatively 
high throughput. In one preferred embodiment, tttes&older balls are made of a SnPb 
eutectic material such as Sn63Pb37 and have a diameter ^fs^bout 0.3 to 0.5 mm.The 
bump pitch on the tape can be as small as about 0.25 to 1 mm, aiicNs^more preferably 
about 0.5 mm. 



lape^SU^extends over the die attach material forming a connection with the 
solder ball array 40. T55B4gads 55 extend from the tape 50 to form a connection with 
the die 10 at die pads 20. The tape*5&flreferably comprises a conductive material such 
15 as copper for connecting a die pad 20 to a so!cte*4jall 40, and a polyimide material to 
connect the solder ba lls. The tape 50_p^ferably\has ajhi clj^^ urn. 



FIGURE 3 illuStrateshi cross-section a close-up view of the first level package 
8 of FIGURE 2. Leads 55 are preferaWy^aiJfrasonically bonded to the die 10 at die pads 
20 (not shown). The point where the leads 55 contacT'the^i^ 1 0 jft the heel 86. 



20 T4*e die attachment layer 80 can be made from an epoxy modified with 

elastomeric materialised to prevent breakage of the leads 55 from the die 10 at the heel 
86 (the heel break). Tftbsthickness of the layer is preferably about 3 to 9 mils, more 
preferably about 5 to 7 mils^&^one embodiment, the die attachment layer has a 
modulus of elasticity of about 126 ksi^K^m temperature. This die attachment layer 

25 preferably has a glass transition temperature T g o^ojjout 42°C, a coefficient of thermal 

expansion (CTE) of about 106 ppm/°C or less belowr^^nd a CTE of about 234 
ppm/°C above T g . Such a material is available from Able&ik Lab of Rancho 

Dominguez, California, No. RP 559-2A. ^* s s^ i 

It will be appreciated that in accordance with the embodiments of the present 

30 invention, the modulus may be chosen to be greater to obtain a more rigid material, or 

less to obtain a more compliant material, depending on the desired properties of the 
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package. a l so appreciated that an al^^ent layer formed of different 

materials, with different dimensions and having different properties, may be used in 
accordance with the preferred embodiments of the present invention. 

For*Ha§tance, the die attach layer 80 is designed to have a low CTE in order to 




minimize the amounhsf^xpansion and contraction of the layer, especially relative to the 
die 10 and the tape 50, there^pt^serving the connection between the die 10 and the 
leads 55 at the heel 86. This is impcJrtaijt because the package 8 may undergo 
temperature cycling, for example, between -55 ancM-Z^C, for up to 1000 cycles or 
more. 



10 Insane embodiment, the die or chip 10 has a CTE of about 3 ppm/°C and the 

tape 50 has a CTE^f about 20 ppm/°C. The CTE of the tape 50 is the "effective CTE" 
of the combined layers Tfe*qting the tape. Thus, as compared to the prior art, it has been 
discovered that a die attach layeh&Owith a CTE closer to that of the die and the tape is 
desirable, preferably less than 200 ppm^*€Lmore preferably less than 150 ppm/°C. In 
15 the embodiment described above, it has been fotfed that a CTE of less than about 100 

ppm/°C is sufficient to alleviate the heel break problemTSQie reduced movement of the 
die attach layer 80 because of the low coefficient of thermal ex]5&$§ion reduces the risk 
of break age of the leads 55 at the heel 86. 

fcte the die attach layer preferably has a low coefficient of thermal expansion, 
20 the present invehtQrs have found that the layer should still be sufficiently compliant to 

absorb stresses betwe^the die 10 and the solder balls 40. However, as compared to the 
prior art, in one embodimeht the modulus of elasticity of the die attach layer 80 is 
selected to be higher than that oi^yious die attach layers. Thus, wherein some prior 
art die attach layers have a modulus oflbss than 10 ksi, one embodiment of the present 
25 invention provides a die attach layer with a mbdulus of greater than about 10 ksi, more 

preferably greater than about 50 ksi, even more preferably greater than about 100 ksi, 
and in one embodiment, up to about 126 ksi. The higheN^iodulus provides improved 
resistance to movement in the die attach layer, thereby decreasihgthe amount of stress 
concentrated at the heel 86. At the same time, the modulus of th^^ayer 80 is still 
30 sufficiently compliant to reduce the amount of stress applied to the solder bafts^fO. 
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not only in |liBGA packages, but also in other integrated circuit packages as well. Other 
types of integrated circuit package applications as would be known by one of skill in the 
art include, but are not limited to, any package using a flexible substrate. Examples 
include Chip-on-flex, Micron Tape BGA (MTBGA), D 2 BGA and BOCBGA with 
flexible substrates. 

In general, the die attach material described by the preferred embodiments above 
advantageously is a sufficiently compliant material to absorb the pressure between an 
integrated circuit die and the solder balls of the integrated circuit package. At the same 
time, the attachment material is also sufficiently rigid, with a low coefficient of thermal 
expansion (CTE), so that the material does not excessively expand and contract during 
thermal cycling relative to the die. More preferably, the low CTE of the die attach 
material alleviates the heel break problem of the tape in a BGA package at the junction 
between the tape and the die. 

The embodiments illustrated and described above are provided merely as 
examples of certain preferred embodiments of the present invention. Various changes and 
modifications can be made from the embodiments presented herein by those skilled in the 
art without departure from the spirit and scope of the invention, as defined by the 
appended claims. 
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